Introduction
Life expectancy has extended worldwide and a growing number of patients with multiple comorbidities including ischemic heart diseases and cancer have undergone surgeries. Consequently, postoperative cardiovascular complications are expected to increase, 1 and perioperative acute myocardial infarction (AMI) has become a major health concern.
It is well known that surgery induces a stress response, its extent is directly dependent on the magnitude of tissue destruction, and may be modified by the type of perioperative analgesia used. This stress response can lead to an increase in heart rate (HR) and blood pressure, which can precipitate episodes of myocardial ischemia. 4 Perioperative myocardial infarction (PMI) is one of the most important predictors of short-and long-term morbidity and mortality associated with noncardiac surgery. [5] [6] [7] [8] Prevention of PMI is thus a prerequisite for the improvement in overall postoperative outcome.
Thoracic epidural anesthesia (TEA) has been established as a cornerstone in perioperative care after thoracic and major abdominal surgery providing most effective analgesia. 9, 10 Beyond its analgesic properties, TEA's effects on postoperative neurohumoral stress response, cardiovascular pathophysiology, and intestinal dysfunction have been in the focus of both clinical and experimental investigations for years. [11] [12] [13] [14] [15] The aim of the study was to test whether epidural analgesia added to a general anesthetic, compared with systemic, opioid-based standard care analgesia in ischemic patients undergoing major abdominal cancer surgery, provided any reduction in adverse cardiac events.
Patients and methods
This study was approved by the local ethics committee of the South Egypt Cancer Institute, Assiut University, Assiut, Egypt. After obtaining written informed consent from each patient, 120 adult patients, complaining of coronary artery disease (CAD), classified as American Society of Anesthesiologists grade II and III and New York Heart Association class II and III, scheduled for elective major abdominal cancer surgery were consecutively enrolled.
Patients with coagulopathy, active neurological disease, cutaneous disorders at the epidural insertion site, and allergy to the studied medications were excluded from the study.
Every patient was evaluated by a cardiologist and anesthesiologist for medical history, physical examination, electrocardiography (ECG), and echocardiography.
Anti-ischemic and antihypertensive drugs were continued during the perioperative period, including the morning of surgery; however, angiotensin-converting enzyme inhibitors, diuretics, and calcium channel blockers were suspended the day before surgery.
The day before surgery, all patients were taught how to evaluate their own pain intensity using the visual analog scale (VAS), scored from 0 to 10 (where 0= no pain and 10= worst pain imaginable) and how to use the patient controlled analgesia (PCA) device (Abbott Laboratories, North Chicago, IL, USA).
Each patient was given oral ranitidine tablet, 50 mg and lorazepam tablet, 3 mg on the night of surgery. Patients were randomly assigned into two groups, 60 patients each, by using opaque sealed envelopes containing a computer generated randomization schedule; the opaque envelopes were sequentially numbered and were opened before application of anesthetic plan.
In the patient controlled intravenous analgesia (PCIA) group (N=60), patients received intraoperative analgesia with intravenous fentanyl bolus dose, 0.5 µg/kg, followed by continuous infusion of 1 µg/kg/h till the end of surgery. Postoperative analgesia consisted of intravenous fentanyl PCA, 10 µg/mL, background infusion 2 mL/h, bolus dose 3 mL and lockout interval 15 min.
In the patient controlled epidural analgesia (PCEA) group (N=60), where patients received PCEA in conjunction with GA, intraoperative analgesia was started before skin incision by epidural bolus dose of 0.1 mL/kg of 0.125% bupivacaine/ fentanyl 10 µg/mL, followed by continuous infusion of 0.1 mL/kg/h of 0.125% bupivacaine/fentanyl 5 µg/mL until the end of surgery. Postoperative analgesia was provided through PCEA for 72 h postoperatively (background infusion of 0.1 mL/kg/h of 0.125% bupivacaine/fentanyl 3 µg/ mL, bolus dose of 3 mL, lockout interval was set at 20 min).
The technique of thoracic epidural
Before induction of GA and under strict aseptic precautions, thoracic epidural catheter was inserted using a 16 gauge, Tuohy epidural needle by a paramedian approach. T8-T9 interspace was chosen for the injection. Skin at insertion site was anesthetized by 3 mL of lidocaine 1%, the epidural space was identified by the loss of resistance technique, the catheter was introduced ~2-4 cm into the epidural space, and epidural test dose of 3 mL of lidocaine 2% with 1:200,000 adrenaline was injected to confirm its position. The epidural was loaded with 0.1 mL/kg of 0.125% bupivacaine/fentanyl 10 µg/mL to obtain T4 sensory level; if the injected dose was not enough to achieve T4, another dose of 0.05 mL/kg was injected.
GA
After preoxygenation for 3 min, anesthesia was induced with IV propofol (1.5 mg/kg) and fentanyl 2 µg/kg. Tracheal intubation was performed after adequate neuromuscular blockade with cisatracurium 0.15 mg/kg. Anesthesia was 
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Effect of perioperative PCEA on ischemic cardiac injury maintained by isoflurane 1-1.5 minimum alveolar concentration (MAC); cisatracurium 0.03 mg/kg was administered when indicated. Fentanyl 0.5 µg/kg was given to maintain HR and blood pressure within 20% of the basal value. Patients were mechanically ventilated to maintain end tidal CO 2 between 35 and 40 mmHg. The inspired oxygen fraction (FIO 2 ) was 0.5 using oxygen-and-air mixtures. At the end of surgery, neuromuscular block was antagonized in all patients with neostigmine 0.05 mg/kg and atropine 0.02 mg/ kg and finally the patients were extubated in the operating room. Hypotension was determined as systolic blood pressure <85 mmHg and was managed with IV ephedrine 0.1 mg/kg. Bradycardia was determined as HR slower than 50 beats/min and was taken care of by atropine 0.01 mg/kg.
All patients were admitted to the surgical intensive care unit (ICU), and were followed up for 2 weeks by the following observations:
1. 12-lead ECG was recorded daily and if there was any suspicion of ischemic attacks. 2. Vital signs were recorded every 1 h in the ICU. 3. Echocardiography was requested if there ECG findings (on continuous monitoring) suggested ischemic episodes or if the patient's complaint was consistent with angina. (All ECGs and echocardiography were analyzed by a consultant cardiologist who was blinded to the patients' condition.) 4. VAS was recorded every 4 h for 3 days postoperatively. 5. Venous blood samples for troponin I measurement were withdrawn routinely every day and at any time if there were ECG findings suggestive of ischemia.
The primary endpoint was the overall occurrence of adverse cardiac events that include
new ECG findings suggestive of ischemia such as new
ST segment changes, new pathologic Q wave, or new T wave inversion; 2. new echocardiographic findings suggestive of ischemia (new regional wall motion abnormalities); 3. new critical arrhythmia, such as atrial flutter and fibrillation, second or third degree heart block, and any other arrhythmia affecting the hemodynamics; 4. postoperative myocardial infarction diagnosed clinically, and by ECG and echocardiography, and in conjunction with cardiac troponin I, level >0.23 ng/mL was considered the cut-point for diagnosis of myocardial injury (MI); 5. nonfatal cardiac arrest; 6. heart failure, diagnosed clinically (new in-hospital signs or symptoms of dyspnea, orthopnea, paroxysmal nocturnal dyspnea, increased jugular venous pressure, pulmonary rales on physical examination) and by measuring B-type natriuretic peptide (BNP) level (the decision cut-point of BNP level for the diagnosis of heart failure was identical to that of 100 pg/mL). 16 The secondary endpoints were 1. intensity of pain measured by VAS (resting and dynamic); 2. occurrence of other systems adverse events and complications; 3. all in-hospital 30 days mortality.
Technique of measurement
Blood samples for troponins I and plasma BNP levels were collected in non-pyrogenic, sterile falcon tubes. Troponin I and BNP were measured by a newly developed high-sensitive Elecsys analyzer (fully automated enzyme linked immunosorbent assay [ELISA] EVOLIS; Bio-Rad Laboratories Inc., Hercules, CA, USA). BNP kit uses competitive ELISA as the method while the cardiac-specific troponin I (cTnI) ELISA test is based on the principle of a solid phase ELISA.
Statistical analysis
Statistical analysis was carried out on a personal computer using Statistical Package for the Social Sciences (SPSS) version 20 software. The sample size included all eligible patients admitted to the institute from August 2014 to August 2016 who were consecutively enrolled. Normality of continuous data distribution was tested using the KolmogorovSmirnov test. Normally distributed continuous data were described as mean and standard deviation. Independent samples Student's t-test was used for comparison between two independent groups (PCIA and PCEA). Skewed data were presented as median (interquartile range) and differences between the two groups were compared nonparametrically using Mann-Whitney U test. P<0.05 was considered statistically significant.
Results
The flow of the patients through the study is illustrated in Figure 1 . The demographic data and the characteristics of the patients were similar between groups (Table 1) . There was a significant decrease in overall adverse cardiac events (myocardial injury, ventricular and atrial arrhythmia, angina, heart failure and nonfatal cardiac arrest) in PCEA group in comparison to PCIA group ( Table 2 ). The level of troponin I was significantly higher in group PCEA in comparison to group PCIA at all measured time points (P<0.038) ( (Table 3) , while the VAS pain score during movement was significantly decreased in PCEA group in comparison to PCIA group at all measured time points (P<0.04) ( Figure 2 ). Regarding perioperative hemodynamics, there was a significant reduction in intra-operative MAP and heart rate in PCEA group in comparison to PCIA group at most of measured time points while there was no significant reduction in postoperative MAP and heart rate in the second and third post-operative days ( Table 4 ). The incidence of other postoperative complications such as DVT, pneumonia and in hospital mortality were decreased in PCEA group (Table 2) .
Discussion
The present study showed that perioperative thoracic epidural analgesia in patients suffering from CAD subjected to major abdominal cancer surgery reduced significantly postoperative major adverse cardiac events in comparison with perioperative IV analgesia (Table 2) . Moreover, the intensity of pain during movement was significantly decreased in PCEA group in comparison to PCIA group.
The choice of 72 h as the period for PCA (either IV or epidural) because of the large proportion of clinically unrecognized AMI is related to the fact that most AMI occur during the early postoperative period. 17 In agreement with the present study, previous study showed that cardiac morbidity was lower among patients undergoing major vascular surgery after the administration MASTER Trial showed a significant reduction in PMI with thoracic epidural catheters in comparison with control groups among 11 randomized studies involving 1,173 patients. Their inclusion criteria demanded that epidural analgesia should continue for at least 24 h after surgery, but their article does not state how they accounted for mortality among those patients randomized to the epidural group who may have died within the first 24 h. 19 The Cochrane study in 2016 concluded from a review of 15 clinical trials that epidural analgesia provides better pain management than systemic opioids. It significantly reduces the number of people who suffer heart damage, time to return of unassisted respiration, gastrointestinal bleeding, and ICU length of stay. No difference was found in death rates at 30 days. 20 A study was conducted by Mohamed et al in the same institute to observe 60 ischemic patients, assigned into two groups, who underwent elective major abdominal cancer surgery; 30 patients receiving GA (G1) and the others receiving combined general and epidural anesthesia (G2). They concluded that lumbar epidural anesthesia combined with general anesthesia in high-risk patients with ischemic heart disease undergoing major abdominal cancer surgery provided better pain relief, and ischemic cardiac events were similar in both groups. 22 According to Moltner, dysrhythmias are common complications in the immediate postoperative period, even more common after upper abdominal and thoracic surgeries. 22 Scott et al presented the first randomized evaluation of the impact of perioperative TEA on outcome in a large series of 400 patients with normal ventricular function undergoing coronary artery bypass grafting, wherein epidural catheters were placed immediately before surgery. There was a reduction in the incidence of supraventricular arrhythmias. 23 In agreement with the present analysis, a study conducted by Giroban et al registered dysrhythmias in the postoperative period of 20% of 185 patients undergoing thoracoabdominal surgeries. 24 The occurrence of arrhythmias can be explained by many factors such as preexisting cardiac pathology, intraoperative events, and arrhythmia triggers. Autonomic imbalance after operation has been implicated as a possible trigger, and is thought to be characterized by increased sympathetic tone and lower vagal tone. 25 In this study, PCEA resulted in a better optimization of HR and mean arterial pressure during the intra and postoperative period in comparison with the PCIA group. This result showed the advantage of TEA over IV PCA by means of decreased HR and improved coronary blood flow.
Consistent with these results, Kessler et al compared HR between patients who received GA together with TEA (group1) and those who received only GA (group2) during coronary artery bypass surgery performed on a beating heart and reported that the HR in group 1 was lower than preoperative values, during sternotomy and anastomosis compared to group 2. In that study, IV esmolol was administered in the group that received GA because of a high HR. 
892
Mohamad et al Berendes et al and Fillinger et al, however, reported contradictory results as they did not observe a difference in hemodynamic findings between the control group and the TEA treatment group when they studied TEA in patients undergoing coronary artery bypass grafting. 27, 28 All the above studies resulted in low morbidity and mortality in patients receiving TEA and this reflected on hospital ICU stay. In contrast, the present study showed no significant difference with regard to ICU and hospital stay between the two groups. This is consistent with the observations of Kessler et al who found no differences in ICU and hospital stay between the TEA and GA groups. 29 In contrast, Priestly et al found no difference in troponin levels between GA alone and GA plus high TEA groups. 30 TEA modifies the electrical activity of the heart in addition to ventricular function and wall motion. Improvements in regional blood flow and reduction of major determinants of cardiac oxygen consumption lead to less severe ischemic injury. 31 Large coronary epicardial arteries and coronary arterioles are densely innervated by sympathetic adrenergic nerve fibers. Cardiac sympathetic stimulation results in vasoconstriction of both normal and diseased coronary arteries in animals and in humans. 32, 33 In a canine model of experimentally induced cardiac ischemia, cardiac sympathectomy by TEA has been shown to increase regional cardiac blood flow, and redistribute coronary blood flow in favor of the endocardium in both normal and diseased areas. 31 Davis et al observed favorable alteration in myocardial oxygen supply demand ratio. 
893
Effect of perioperative PCEA on ischemic cardiac injury P-value of mean troponin I levels =0.038
Troponin I ng/ml (mean) PCEA group
In patients with severe CAD, TEA relieved angina and improved myocardial oxygen supply by lowering systolic blood pressure and HR as well as pulmonary capillary wedge pressure with no significant improvement in coronary perfusion pressure. 35, 36 Cardioselective epidural blocks can increase the luminal diameter of stenosed segments of epicardial coronary arteries without affecting the diameter of non-stenosed segments. 37 
Study limitations
Small sample size that may hinder providing well-drawn results with smaller statistical error and better conclusions with shorter duration follow-up period. 
Conclusion
Perioperative thoracic epidural analgesia in patients suffering from CAD subjected to major abdominal cancer surgery reduced significantly postoperative major adverse cardiac events with better pain control in comparison with perioperative IV analgesia. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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